The composition of water and wastewater, varying temporally and spatially, depends on factors such as environmental context, types of pollution sources, weather conditions leading to dilution or solids transportation, length of sewer network, etc. Because quantitative parameters are often not adapted for the characterization of wastewater quality variability, a nonparametric measurement is proposed, based on comparison of the UV absorption spectra of samples. The presence of isosbestic points, occurring in the set of spectra either directly or indirectly after normalization, allows quantification of the variability of a given water or effluent. A normalization step is used when dilution exists in the case of a mixture of water types (discharge or rain). Several examples show how to calculate the variability or to estimate the dilution factor from UV spectra data, even without results of physicochemical parameters.
Introduction
Knowledge of water and wastewater quality variability is important, both for environmental purposes (quality monitoring, treatment plant efficiency, impact of discharge) and for industrial purposes (spills, production control). The best way to measure water and wastewater quality variability is to acquire quantitative data, preferably with on-line monitoring systems (Bourgeois 1991; Thomas 2004b) . The use of the water "fingerprint" is also proposed in laboratory analytical techniques, such as chromatography (Noij 2003) , ICP-MS (Fernandez 2000) or spectroscopy including fluorescence (Baker 2004; Pons 2004) . Depending on monitoring needs, a qualitative approach may be envisaged for regulation compliance (Valcarcel 2000) . In some cases, knowledge of physicochemical parameters is not indispensable and can be replaced by characterization of properties such as the estimation of qualitative variability or treatability. Obviously, these properties can be estimated from relevant parameters (Juanico 1990; Weber 1990; Saint Hilaire 2004) , but sometimes, more simply, from the direct use of analytical factors. This last point is the basic principle of the non-parametric measurement (NPM), which, as for a non-parametric statistical test, does not require to be related to a given parameter (respectively, a given statistical law) (Baurès 2002a,b) . This means that there exists a qualitative relationship between the analytical factor and the information to be given. Thus, the more relevant analytical techniques which can be envisaged are the ones giving multiple responses that are difficult to exploit without extensive knowledge of the phenomenon to be studied. This is the case for all scanning techniques such as spectroscopic techniques. UV spectrophotometry was chosen based on its numerous and decades-old existing applications for water and wastewater quality monitoring. From the first work (Hoater 1952) , many studies based on correlations between one absorbance value (generally 254 nm) and one parameter (e.g., COD, TOC) have been published (Briggs 1968; Mrkva 1969; Dobbs 1972; Thomas 1978) . More recently, the development of procedures for the exploitation of the entire spectrum (Gallot 1993; Thomas 1995 Thomas , 2004a ) has led to the simultaneous calculation or estimation of parameters or compound concentrations (Thomas 1993 (Thomas , 1996 . Moreover, indices and simple procedures for water and wastewater characterization have been proposed from UV spectra exploitation (Baures 2004; El Khorassani 1999; Naffrechoux 1991; Muret 2000; Vaillant 2002; Winiarski 1995) .
In this study, a simple NPM procedure is presented for the measurement of the variability of water and wastewater, which depends on different factors, e.g., environmental context, type of pollution sources, weather conditions leading to dilution or solids transportation, length of sewer network. The NPM proce-dure is based on the exploitation of isosbestic points, defined by the wavelength where UV spectra cross together. An isosbestic point is usually a strong indicator of the presence of only two major mixtures (considered like pure compounds), the concentration of which is linked in a way that the mass balance is conserved. This means that there is quality and quantity conservation in the global composition of samples (Vaillant 2002) . In some cases, when a dilution occurs, for example, a simple operation called normalization can reveal the existence of hidden isosbestic point(s) and, in this case, the quality conservation is proven (Pouet 2004) . The presence of hidden isosbestic point(s) is a relevant indicator of the global conservation of the quality of water or wastewater, which can be quantified (Baurès 2002b) . It is related to the simple evolution of the sample quality and does not exist in the case of strong quality variation (spills or accidental pollution for example) (Vaillant 2002; Pouet 2004) .
After the presentation of the different tools used for this purpose, four examples of variability studies are presented. The first two are related to the effect of dilution (rain or river water) on wastewater composition. The second two are characterized by an intrinsic variability due to changes in the chemical composition of an industrial wastewater. Two sets of applications based on the exploitation of UV spectra are presented in this paper. The first one deals with the study of mixtures of urban water and wastewaters (dilution of discharge in river and storm runoff) and the second with a diagnosis of a refinery wastewater network for the rapid estimation of the qualitative variability of effluents.
Material and Methods

Spectra Acquisition and Exploitation
UV spectra are acquired with an Anthelie Secomam UVvisible spectrophotometer, between 200 and 350 nm with a quartz cell of 10-mm optical path length. If the signal saturates (absorbance above 2.5), the sample is diluted. The bandwidth is 5 nm and the acquisition step is 1 nm. The scan speed is fixed at 1800 nm/min.
In order to estimate some parameters from UV spectra, a semi-deterministic deconvolution method was used for nitrate and total organic carbon estimation (Thomas 1993) .
(Hidden) Isosbestic Point(s) Detection
In practice, because of some instrumental or environmental errors, an isosbestic point is a surface rather than a point, and a procedure has been proposed for its detection (Baurès 2002 ). An isosbestic point is defined by the wavelength λIP (or λIP* for hidden IP) and as a point where the apparent coefficient of variation (CV*) is lower than a limit value (fixed to 2.5%, value obtained from a statistical study on repeatability, Baures 2002b):
where CV* is the apparent coefficient of variation (%); A(λ) is the average of absorbance values at the wavelength λ (AU); and σ*(λ) is the standard deviation estimation of absorbance values at the wavelength λ (AU).
The search for outliers responsible for a coefficient of variation greater than the fixed value is based on a statistical test (Dixon test). The UV spectra eliminated following this test are considered as not representative of the studied flux. Then, a final statistical test is carried out (e.g., rank test) in order to check if the revealed point is a true isosbestic point. This final test is carried out at λip ± 10 nm. Hidden isosbestic point(s) (IP*) is (are) also detected according to this procedure, after normalization of the set of spectra (Vaillant 2002; Pouet 2004 ).
Spectra Normalization
The normalization of acquired UV spectra consists of giving the same area to each spectrum. The sum of absorbance values for a chosen wavelength interval (200-350 nm) is fixed to a given value of N and each absorbance value is corrected (equation 2):
where A * (λi) is the corrected absorbance at the wavelength λi; A(λi) is the measured absorbance at the wavelength λI; N is the area after normalization (e.g., 100 between 200 and 350 nm); and h is the acquisition step (1 nm in this case).
Variability Calculation
From the calculation of the ratio of the number of spectra crossing at the isosbestic point (Npi) divided by the total number of spectra (Nt) in the initial set, the variability (V) is estimated without any knowledge of the medium composition (equation 3):
( Nt )
Dilution Estimation
A final method used in this study was the calculation of the dilution factor in case of mixing (e.g., discharge of wastewater in river). In this case it can be assumed that the primary water quality parameters can be considered as conservative and the dilution factor (F) of a mixture can generally be calculated as follows:
where Qd and Qm are the flow rates of the discharge and of the mixture downstream of the discharge. Cm, Cd and Co are the respective concentrations of any conservative parameter in the discharge downstream (mixture) and upstream from the discharge.
Moreover, a coarse estimation of the dilution factor can be proposed from the study of UV spectra, considering that the absorbance values can be related to the concentration of some parameters in a specific wavelength range, as is the case for suspended solids and colloids above 270 nm (Thomas 1996) . Equation 4 becomes:
where A( λ)d, A( λ)m and A( λ)o are the absorbance values at a wavelength, λ, of the UV spectra of samples of the discharge, and the mixtures downstream and upstream of the discharge.
Results and Discussion
Dilution Effect in a Combined Wastewater Network: Absence of Direct Isosbestic Point For combined sewers, the wastewater composition variability is linked to the nature of storm events. It is characterized by a dilution of dissolved pollution and an increase in suspended solids changing in nature (mostly organic in dry periods and mineral during rainfall). Figure 1 presents the UV spectra evolution of urban wastewater during a storm event (Vaillant 1999) . The sewer system is combined in the centre of the town (Alès, France) and separate in the outskirts. The dry weather sample was taken from a grit chamber and the wet weather samples were taken at the overflow of the main interceptor leading to the treatment plant. The spectra show that after the beginning of the rainfall, the first sample is highly concentrated but the subsequent sample is diluted. The subsequent spectra also increase, to become slightly higher after a rainfall event than those during dry weather. Normalized spectra are compared in Fig. 1b showing a hidden isosbestic point. As all spectra cross at the same point, the variability is equal to zero. The set of spectra is related to the evolution between two different states (compositions for dry and wet weather) characterized by a mixture of two major components, the soluble organic matter and suspended solids (Vaillant 1999) . The steeper slope in the first part of the dry-weather spectrum is an indication that soluble matter is preponderant during dry weather conditions while the high absorbance values above 250 nm suggest that suspended solids predominate during rain events. Sample analysis confirms the UV spectra observations (Table 1) .
Dilution Effect of a Wastewater Discharge: Presence of Direct Isosbestic Point for some Spectra
The following experiment shows that the existence of a direct isosbestic point is partially observed in this case (El Khorassani 1998), when sampling is carried out along a river. Five samples were taken over 18 km along the Calavon river, between Apt and Cavaillon (France), in order to show the influence of the biological treatment plant discharge (capacity of 20,000 eq. inhab.) (Fig. 2) . Except for samples close to the discharge (samples 2 to 4), there is no direct isosbestic point. However, a hidden isosbestic point (IP*) can be found for the whole set of spectra after normalization, showing a dilution of discharged anthropogenic matter (and the effect of a partial self purification) and of nitrate concentration of the upstream river water. As for the previous case, the variability is equal to zero, as all spectra cross together at the same point.
The calculation of dilution factors can be carried out from either the concentrations of parameters Fig. 1 . Evolution of wastewater UV spectra during a storm event (Vaillant 1999 ) (a) UV spectra (the spectrum of sample 2, diluted twice, is multiplied by 2) and (b) normalized UV spectra. a b
(El Khorassani 1998) or from absorbance values, following equations 4 and 5. In fact, the dilution factor calculated from absorbance values is variable with wavelengths ( Fig. 3) , but can be estimated inside a wavelength window where it is constant because interferences are negligible. The selected window is around 255 nm (the region above 320 nm cannot be used because of the very low absorbance values). The estimated value of the dilution factor, 3.0, is close to the one calculated from total organic carbon concentration, 3.5, meaning that the dilution of the discharge is around 30%.
Wastewater Variability due to Changes in Composition along an Industrial Sewer: Absence of a Direct Isosbestic Point
Considering that the study of the industrial wastewater network has not often been reported on, this example will be more detailed than the previous ones. The studied site is an industrial wastewater network in a refinery (Lavéra, France) presented in Fig. 4 . The wastewater sampling was carried out along network branches on points 1 to 6. For each sampling point, a set of 50 to 150 UV spectra was acquired. Considering the flow rate variations with time, all sets of spectra were normalized (Fig. 5) .
From upstream to downstream, the shape of spectra becomes more and more smooth. Different phenomena can explain this evolution:
• the desalting of oil (between 1 and 2) leads to the increase of sulphides (absorbing at 230 nm) in the outlet of the desalter; • in flows 2, 3 and 4, sulphides are predominant.
The effect of settling (between 3 and 4) is not evident, because it separates hydrocarbons not detected by UV from polluted water; • flow 5 is characterized by the disappearance of sulphides. Both effects of the dilution and clarification process (where volatilization phenomena can occur) may explain this evolution; and • between flows 5 and 6, the biological degradation of compounds leads to phenolic compound removal (around 270 nm). The nitrification occurring in the biological reactor explains the presence of nitrates (light shoulder at 205 nm).
The evolution of the variability along the wastewater network is represented in Fig. 6 . The variability decreases from the process units to the outlet of the wastewater treatment plant (end of pipe). The strong values of variability (>60%) observed in points 1, 2 and 3 correspond to high loaded process water. The increase of variability at point 3 is due to a temporary inlet of effluents coming from oil removal units. 54 Thomas et al. Mainly of particulate nature (90%). Fig. 2 . UV spectra (raw and normalized) of a treated wastewater discharge (sample 3) and the Calavon River (samples 1, 2, 4 and 5, respectively, located at -3 km, -100 m, +100 m and +15 km from the discharge). Concentrations are in mg L -1 and obtained from standard methods.
Fluxes 4, 4' and 4'' underwent a first physical pretreatment, but the variability ranges between 44 and 68%. The mixture of these last three effluents and their treatment by clarification leads to the decrease of the variability measured at the inlet of sand filters (flux 5). The effluent at the outlet of the wastewater treatment plant (V < 10%) is variable. Variability due to Changes in Composition at the Outlet of an Industrial Wastewater Treatment Plant: Presence of a Direct Isosbestic Point for few Spectra Figure 7a presents the set of normalized spectra of the outlet of the wastewater treatment plant (V = 7.7%) with an isosbestic point at 224 nm. The low variability value is explained by the treatment effect. In order to comment more precisely on the calculated variability, the evolution of the apparent coefficient of variation (CV*) is given in Fig. 7b according to the number of outlier spectra (not passing through the isosbestic point).
We can observe that the initial value of CV* for all spectra sets (138 spectra) is low (3.4%), and the decrease of CV* until the limit value of 2.5% is very slow. Examples of outlier UV spectra (responsible for a CV* above 2.5%) are compared to the average UV spectrum (Fig.  7c ). This last one is calculated from the average of spectra passing through the isosbestic point (for a CV* of 2.5%). In fact, the shapes of these spectra are not significantly different from the average shape. Aberrant spectra have just undergone a shift of absorbance (Fig. 7d ) which can be explained by different phenomena:
• an absorbance shift related to the spectrophotometer drift (about 0.003 au/hour); and • the fouling of the cell by oils or other pollutants present in the samples.
This means that a value of CV* of 3.4% would be more relevant to quantify the "real" variability, in this case close to 0%, compared to the variability of 7.7%, corresponding to a CV* of 2.5%.
In order to identify the two compounds or pseudocompounds responsible for the isosbestic point, a deconvolution of UV spectra with spectra of nitrates and organic matter (represented by the sum of suspended and colloidal matter) was carried out according 56 Thomas et al. to the method developed by Thomas et al. (1993) . Indeed, the biofilter treatment removes carbon matter and nitrification can occur when oxygenation conditions are sufficient. It is the reason why some UV spectra are characterized by a Gaussian shape at 200 nm, specific to the nitrate formation. The residual organic matter gives a UV spectrum characterized by a monotonous decrease of absorbance with wavelengths, and the presence of a specific band, not very structured at 270 nm. A mixture of this compound and pseudocompound could explain the UV spectra. Examples of deconvolution results are given in Fig. 8 . These results tend to show that a mixture of nitrates and solid matter (both suspended and colloidal), the proportion of which are variable, could explain the presence of an isosbestic point. This hypothesis is confirmed by the fact that normalized reference spectra of nitrates and mixture of "suspended matter and colloidal matter" pass through the isosbestic point.
Conclusions
Knowledge of the composition of water and wastewater is necessary for water management and sanitation. If quantitative parameters, specific or global, allow estimation of the flux of pollutants, it is difficult to identify each compound present. Thus, estimation of variability is necessary for the detection of abnormal situations (such as accidental pollution or spills). The interest in UV spectrophotometry is to provide both qualitative and quantitative information. For qualitative aspects, the UV spectrum is like a fingerprint. The definition of the variability, V, based on the number of UV spectra passing through a hidden isosbestic point allows codifying qualitative information. This work has shown that it is possible to explain the qualitative variability with regard to the quantitative variability which can be calculated from specific or aggregate parameters. The proposed methodology consists of calculating the qualitative variability from the value of the apparent coefficient of variation, CV*, arbitrarily fixed (for example at 2.5%) or determined graphically. The explanation of the variability related to the composition of the matrix becomes possible by a simple comparison between the average spectrum (calculated) and any abnormal spectrum. This work has also shown that a basic knowledge of the major compounds can help in identification of the two compounds or pseudo-compounds responsible of the presence of isosbestic points. Fig. 8 . Deconvolution results for samples from the outlet of the wastewater treatment plant.
